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T H E O R E T I C A L 
XANTHONES 
The term-xanthone (from the Greek word for "Yellow") 
designates the chemical compound dibenzo-T-pyrone(I). Xanthones 
are heterocyclic ketones related toTf-pyrone and chromone, which 
are found in nature as glucosides and are produced as metabolic 
products by certain molds. The parent substance (which forms 
almost colorless needles melting at 173-174C ) does not so far, 
as is known, occur in nature, but a number of its oxygenated 
derivatives, which are yellow in color, have been isolated from 
a variety of natural sources. 
Xanthones occupy an important position in the chemistry of 
natural products. Their structures are closely related to other 
naturally occurring "/"-pyrone derivatives, the flavonoids and 
the chromones . Their chromatographic behaviour is also similar 
whereas flavonoids are frequently encountered in nature, 
xanthones have been found in a limited number of families. They 
always occur in Guttiferae and Gentianaceae and can be considered 
characteristic of these plants. 
Naturally occurring xanthones were reviewed first by Roberts 
in 1961 . Of the eleven xanthones of Angiosperm origin then known, 
seven occurred~in the Gentianaceae, three in the Guttiferae and 
one (mangiferin, a C-glucoside) in many families. Eight years 
4 
later. Carpenter et al published a survey of the distribution of 
more than seventy xanthones in the Angiosperms. In the last few 
years a large number of new naturally occuring xanthones mainly 
glycosides, have been identified in the genera Swertia, Gantiana 
and Canscora (Gentianaceae). 
The growing interest in these compounds is easily 
explained by their pharmacological activity (monoamineoxidase 
inhibition, antipsychotic action, tuberculostatic effect) as 
well as their importance in chemotaxonomy (as useful systematic 
markers) . 
0 » 
(I) 
Dibenzo- / -pyrone 
SOME NATURALLY OCCURRING XANTHONE GLYCOSIDES 
One has to make the distinction between C-glycosides and 
0-glycosides. The former are resistant to acidic and enzymatic 
hydrolysis (the sugar moiety is attached to the xanthone skeleton 
by a C-C bond) whereas the latter possess the classic glycosidic 
binding. 
C-glycosides : 
Mangiferin (1), the most widely distributed C-glucoside, was 
encountered for the first time in 1908 by Wiechowski in Mangifera 
indica L. (Anacardiaceae). It was studied extensively by several 
research groups (5-8) and the conclusive structure was established 
as I-C-B-D glucopyranosyl-l,3,6,7-tetrahydroxy xanthone. Mangiferin 
occurs widely among Angiosperms and has also been identified in 
ferns^'^. Its distribution in a large number of families has 
been reported ' ' . An isomer, isomangiferin(2) has been 
isolated from the aerial parts of Anemarrhena asphodeloides 
Bunge (liliaceae) and identified as 4-C-B-D-glucopyranosyl-l,3,6, 
12 7-tetrahydroxyxanthone by Arxtomi and Kawasaki . The relation 
between isomangiferin and mangiferin in structures and properties 
corresponds to that between flavonoid 8-C and 6-C glucosides 
such.as orientin and iso-orientin. Another C-glycoside with the 
same substitution pattern has also been isolated from the barks 
of Mangifera indica L. On the basis of chemical and spectral 
data, as well as synthesis it has been formulated as 
2-C-B-D-glucopyranosyl-3-methoxy-l,6,7-trihydroxyxanthone(3) or 
13 3-0-methylmangiferin, usually referred to as homomangiferin 
In 1973, a new glycoxanthone (4) with an oxidation pattern 
other than that of mangiferin< was found in the alcoholic extract 
14 
of roots of Canscora decussata Schult, by Ghosal and Choudhuri 
The structure of this glycoside has been established by chemical 
transformations and spectral (UV, IR, NMR, MS) evidence as 
2-C-B-D-glucopyranosyl-l,3,5,6-tetrahydroxyxanthone (4). From 
15 the rhizomeof Iris florentia L. (Iridaceae), Arisawa et al , 
have isolated in the same year another 1,3,5,6-tetraoxygenated 
xanthone C~-B-D-glucoside which, they named Irisxanthone. Its 
structure is represented by 2-C-B-glucopyranosyl-5-methoxy-l,3, 
6-trihydroxyxanthone (5). 
Two hydrolysable derivatives of xanthone-C-glucosides, which 
from a new type of glycoxanthone, have been found by Smith and 
4 
Harborne in the fern Asplenium montanum wild, (i^spleniaceae). 
These two compounds are the 0-glycosides of mangiferin and, 
isomangiferin respectively. In both cases, the hydrolysable sugar 
is attached to the C-glycosyl moiety of the xanthone in a yet 
undefined position. The characteristics of these glycosides 
are similar to those of the O-glucosyl-6-or 8-C-glycosides of 
flavones. The ^ numerous cases of analogous flavones recently found 
suggest that corresponding xanthones may be soon discovered. 
Xanthone-C-glycosides present a unique taxonanic character 
in plants and both in their distribution and biogenesis. They 
4 16 
are more closely related to flavonoids than to xanthones ' 
Mangiferin co-occurs commonly with iso-orientin, but has recently 
been found to coroccur also with different groups of polyoxygenated 
xanthones as shown in Table-I. 
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0-glycosides 
Glycosides were not common at the time of the last 
review on xanthones, published in 1969. Apart from mangiferin, 
a C-glucoside, the only reported examples of 0-glycosides 
17 
were gentiacauloside (25) isolated from Gentiana acaulis , 
18 gentioside (7) from G.tutea and Swertianolin (12) from 
Swertia japonicol (Gentianaceae). More than twenty xanthone-o-
glycosides are now known and their natural occurrence is 
restricted sofar :to the members of the family Gentianaceae 
as shown in Table-1. However, present day isolation techniques 
will certainly provide the means of discovering glycosides 
in other families which contain polyoxygenated xanthones . 
Among the known compounds are 0-monosides and 0-biosides. 
B-D-glucose is the only monosaccharide to be encountered, 
whereas in the analogous flavones, other sugars are frequently 
found, such as D-galactose, L-rhamnose, L-arabinose and 
19 D-apiose . Only two disaccharides have been discovered 
to date. These are primeverose or 6-0-(B-D-xylopyranosyl)-
B-rD-glucopyranose which occur frequently and rutinose or 
6-0-( -C-L-rhamnopyranosyl)-jB-D-glucopyranose which appears 
to be rarer and has only been identified in a trioxygenated 
20 
xanthone of Canscora decussata Schult and in a tetra-
21 
oxygenated xanthone of Gentiana bavarica L. In contrast, 
19 Wagner j^ g^ described 25 types of disaccharides in various 
flavonoid biosides. The first xanthone diglucoside, 
Norswertianin-l-O-glucosyl-3-O-glucoside has been isolated 
from Swertia perennis"^ . 
12 
The aglycones are tri-tetra or pentaoxygenated. The 1,3 
Oxidation pattern is found in each compound with substitution in ttie 
4,5,7,8 positions. In the known 0-glycosides, substitution never 
occurs in position 6. Until now only two trioxygenated glycosides 
have been identified : 
l-hydroxy-7-methoxy-3-0-primeverosylxanthone (7) in the roots of 
18 23 different Gentiana spp. ' and 5-hydroxy-l-raethoxy-3-o-rutino-
20 
sylxanthone (6) m the aerial parts of Canscora decussata Schult. 
On the other hand, the tetraoxygenated glycosides are more common, 
in particular those containing the 1,3,7,8 oxidation pattern. To 
date 12 compounds having this pattern are known: two glycosides, 
24 two rutinosides and eight primeverosides. Kaldas et al. are the 
only ones to have fully characterized a pentaoxygenated xanthone. 
This glycoside l-o-B-D-glucopyranosyl-3, 8-dihydroxy-4, 5-dimethoxy-
xanthone(29), was isolated from the leaves of Gentiana campestris L. 
and may be identical to a corymbiferine (1,3, 8-trihydroxy-4, 5-di-
25 
methoxyxanthone) derivative mentioned by Ross in his work on a 
species from Newzealand related to Gentiana Campestris L. This 
author has not, however, defined the position of the glucose 
on the xanthone moiety. 
13 
MeO }>rlnu.O 
O'^rim 
OMe 
(V) 
Gentiacauloside(25) 
(VI) 
Gentioside(7) 
OMe 
MeO 
gic-0 ^ OH 
(VII) 
Swertianolin(i2) 
ruti-0 
5-Hydroxy-l-methoxy-3-o-
rutinosylxanthone{ 6) 
14 
MeO OMe 
MeO 
g i c - 0 
0-ruti 
(IX) 
IrO-B-D-glucopyranosyl-
3,8-dihydroxy-4,S-dimethoxy 
xanthone(29) 
(X) 
7-0-rutinosylswertianin(20) 
15 
MeO 
OMe 
(X I ) (XII) 
Isogent is in 
OMe OMe 
(XIV) 
(a) R =R =H, Desmethyl bellidifolir 
(b) R-=Me, R=E, Bellidifolin 
(c) R_=R_=Me 
Aglycones of naturally occurring xanthone-0-glycosides. 
16 
(XV) 
(a) R =R_=R_=II, Norswertianin 
(b) R_=Me, R_=Ro=H, Swertianin 
(c) R^=R^=Me, Ro=H, Swertiaperenin 
(d) R-=R„=Me, R^=H, Gentiacaulein 
(e) R_=R_=R_=H, D e c u s a t i n 
J / o 
MeO 
MeO 
HO 0 
OMe 
MeO OMe 
{XVI) (XVII) 
Corymbiferin 
Aglycones of naturally occurring xanthone-0-glycosides. 
17 
The first acyl-o-glycoside was isolated by Hostettmann 
21 
et al. from the aerial parts of Gentiana bavarica L. This 
compound was shown to be 7-0-rutionosyl Swertianin(20) with an 
acetyl group in an undefined position of the sugar moiety. Quite 
13 
recently, by use of C-NMR spectroscopy, these authors were able 
26 
to locate the acetyl group in position 4 of the rhamnose . By 
19 27 
contrast, many acylated flavone glycosides are known ' ', 
A final 0-glycoside should be mentioned: euxanthic acid 
(l-hydroxy-7-O-glucuronylxanthone), a degradation product of 
3 
mangiferin, which occurs m the urine of cows fed on mango leaves , 
The various positions in which sugars are attached to the 
xanthone nucleus are noteworthy; of the twenty four known cases, 
thirteen xanthones carry their glycosidic portion in position 1, 
four in position 3, three in position 7 and four in position 8. 
The preference for position is surprising in view of the-, vicinity 
of the carbonyl function, the corresponding position in the flavone 
nucleus (position 5) is rarely glycosylated. A study of the bio-
synthetic pathway leading to xanthone glycosides would be useful 
in understanding the frequent blocking of the position to the 
carbonyl. It would be tempting to suggest that glycosylation takes 
place prior to the closure of the xanthone ring. The position of 
the glycoside linkage is not only biogenetically significant, but 
28 has a chemotaxonomic importance in the Gentianaceae 
18 
ISOLATION OF XANTHONES 
Extraction and Separation : 
The xanthones, which are found in various parts of plants 
or in the mycelia of moulds, are usually obtained by solvent 
extraction (Soxhlet method) of the dried and disintegrated 
material. The crude material may be purified by recrystallization, 
94 
hut a prior purification by chromatography is sometimes desirable. 
Most naturally occurring xathones sublime readily (under low 
pressure). The classical method using increasingly polar solvents 
such as light petroleum-ether, chloroform, and methanol has proved 
to be very effective. The methanol extract is chromotographed 
over polyamide columns with 50% aqous methanol with increasing 
40 
proportions of methanol • Pure compounds are obtained after 
purification over sephadex LH20 columns. In contrast to analogous 
flavones, xanthone glycosides are easily recrystallized from 
methanol. Column chromatography on silicagel with varying 
proportions of ether and methanol is used to separate glycosides 
20 
which contain only a few phenolic hydroxyls . Preparative TLC 
on silicagel (ethylacetate-methanol-water, 21:4:3) has been 
employed in instance of difficult separation {compounds 19 and 20). 
Frequently used solvents in TLC are as follows. 
On Polyamide : methanol-water(9:1) and methanol-water-acetic acid 
(90:5:5). 
On Silicagel : Pyridine-water-ethylacetate-methanol(12:10:80:5) and 
ethylacetate-methanol-water (21:4:3). 
On Cellulose : Acetic acid (5-30%). 
19 
Chromatoplates were viewed in UV light. In certain cases, 
41 
spraying with 5% KOH m methanol has been advantageous 
The hydrolysis of glycosides is carried out by refluxing 
42 
methanol solutions with HCl (Standard procedure for flavonoids) 
Enzymatic hydrolysis is also of interest in the case of glucosides. 
Aglycones are separated by polyamide TLC (methanol-acetic acid-
water, 90:5:5 or benzene-methanol-acetic acid, 45:32:16). On 
Silicagel TLC (benzene-ethylacetate, 3:1 or benzene-chloroform, 1:1) ., 
43 Ample details can be found m the systematic works of Arends and 
44 Saleh^. 
45 Recently, Hostettman and Mc Nair separated naturally 
occurring xanthones by HPLC using microporous chemically bonded 
silicagel (Micropak CN or Micropak NH , Solvents, hexane-chlorofrom 
(13:7), Iso-octane-chloroform(3:17) or dioxane-methylenechloride(1:9) 
detection by UV at 254 nm). Very polar aglycones as well as glyco-
sides are resolved on reversed-phase columns (NH„, C_ or C,_ bonded 
2. o i-O 46 
s i l i c a g e l ) u s i n g a c e t c n i t r i l e - w a t e r a s s o l v e n t 
20 
STRUCTURE_DETERMINATION_OF_XANTHONES 
There are various methods generally used for structure 
determination such as colour reaction, physical methods, 
degradation and synthesis. The physical methods and synthesis 
are of key importance for complete structure elucidation of 
xanthones. 
(i) PHYSICAL METHODS 
The physical methods generally employed in the identificatioi 
and structure analysis of plant pigments are chromatography, 
IR, UV, NMR and Mass spectroscopy. They provide an excellent too. 
in the hands of organic chemist for elucidation of structure of 
even minor compounds. Among them the nuclear magnetic resonance 
and mass spectroscopy are most sophisticated dependable tools for 
the structure determination of Xanthones. 
21 
INFRARED_SPECTROSCOPY 
The carbonyl group in Xanthones is chemically rather inert 
but is always detectable in their spectra as a strong band 
(Stretching frequency) in the region of 1660 cm. The presence 
of a hydroxyl group in the 1 (or 8)-position lowers the frequency, 
by hydrogen bonding, to a value of about 16 50 cmT and a 
number of naturally occurring xanthones show strong bands with 
+ -1 47 94 
frequencies very close (- cm. ) to this latter value ' . It 
should however, be borne in mind that substituents in the 
3 (or 6)-position of the Xanthones nucleus may have a marked 
48 
effect upon the carbonyl stretching frequency . According 
to some workers in this field, further structural information may 
be obtained from a knowledge of absorption bands in the 
region 1631-1613 cm."^  
The use of infrared spectroscopy in Xanth one chemistry 
for detecting other functional groups such as unchelated 
hydroxyl, methyl group and vinyl eher groups, does not require 
special comment. 
22. 
ULTRAVigLET_SPECTROSCgPY 
The absorption of ultraviolet light have proved of 
considerable value in a study of the naturally occurring xanthones. 
Several papers dealing with the application of UV spectroscopy to 
9 
the structure determination of xanthones have been published. 
This technique is basically useful for locating free hydroxyl groups 
on the Xanthone skeleton. In particular, a free hydroxyl group 
at position 3 is easily detected by addition of sodium acetate 
(NaoAC) which results in a bathochromic shift of the 300-330 nm 
band with increasing intensity. When position 3 is blocked by 
methoxyl or glycosyl, the UV curve is not modified. Hydroxyl groups 
situated peri to the carbonyl function (position 1 or 8) are 
evidenced by the complex formation with the addition of Aluminum 
chloride (Alcl-), which is stable to hydrochloric acid (Hcl). 
* 
Ortho-dihydroxy groups similarly give this complex, but can be 
distinguished from the former by the instability of the complexes 
49 in Hcl as given m procedure used for flavonoids 
Comparision of the spectra of glycosides with those of their 
aglycones occasionaly gives directly the position of the glycosidic 
linkage. This is the case for position 3. However, it is practical 
to methylate the phenolic hydroxyl groups before the sugar moiety 
is cleaved. Since the sole remaining hydroj^ylrgroup is easier 
to determine UV spectroscopy, can also give useful information 
about the nature of the oxidation pattern of Xanthones. However, 
since no systematic investigation has yet been carried out by the 
application of UV spectroscopy, conclusions can only be drawn from 
NMR data. 
23 
NyCLEAR_MAGNETIC_RESgNANCE_SPECTROSCOPY 
The application of NMR spectroscopy has proved to be the 
most useful method in the structure determination of xanthones. 
It gives information about the substituents on each ring and also 
about the nature of the oxidation pattern. Several authors ' 
have employed the acetylated derivatives in the structure deter-
mination of glycosides. The number and relative positions of 
acetyl and methoxyl groups can be determined by observing the 
shift of aromatic protons which occurs upon replacing a methoxyl 
group by an acetyl group. Singlets between $2.40 and 2.50 are 
indicative of acetylation peri to the carbonyl function (position 
1 or 8) since for other positions on the ring the acetyl singlets 
fall between S2.30 and 2.35. The presence of a chelated OH at 
S12-13 in the spectra of the nonacylated compound also confirms 
hydroxyl substitution at position 1 or 8. When these positions are 
51 52 
unsubstituted, aromatic protons appear between S^.VO and 8.05 ' 
Isomeric xanthones, tetraoxygenated in position 1,3,7,8 and 
1,3,5,8, show in their H-NMR spectra two meta and two ortho 
coupled protons. They can be distinguished by the fact that the 
ortho coupled protons in the 1,3,7,8-system appear at a lower field 
21 than those of the 1,3,5,8-system(e.g. swertianxne and 
bellidifoline^-^) . 
The NMR signals of the acetates of some naturally occurring 
C-glucosyl compounds in CDCL have been examined by the Gentili and 
54 " 
Horowitz . They noted that the signals of the 2 -o-acetyl methyl 
24 
protons of 8-C-glucosyl flavone acetates were found at higher 
fields than those of the corresponding 6-C-glucosyl compounds. 
In a similar manner 2-C and 4-C-isomeric glucosylxanthones can 
55 be differentiate:d 
OAc 
(XVIII) 
Swertianine 
7.15(d,9) 
6.»3(dj9) 
AcO OAc 
(XIX) 
Bellidifoline 
Isomeric tetraoxygenated xanthones: comparision of the chemical 
shifts of the aromatic 
protons. 
25 
OMe ?^* 7.51«9) 
H 
(XX) 
Corymbiferin 
6.76(s) 
OMe OMe 
g i c - 0 
(XXI) 
Corymbiferin g lucos ide(29) 
26 
For example, the 2 -0-acetyl singlet of mangiferin 
octaacetate appears at 81.7 9 whereas the corresponding signal is 
shifted to higher fields (gl,73) in isomangiferin octaacetate. 
When only one of the hydroxyl groups peri to the carbonyl 
function is free and chelated, then protons on the aromatic 
ring containing the chelated hydroxyl group absorb at higher 
fields than the corresponding protons on the nonchelated ring. 
This is ascribable to the higher electron density of the chelated 
ring imposed by the chelation. When dealing with glycosides, 
22 this effect is best observed m DMSO-d^ . Hence comparison 6 
of the spectra of glycosides with those of their aglycones 
directly gives the position of attachment of the sugar moiety 
on the xanthone nucleus as seen for example in corymbigerin and 
24 its glucoside(29) 
Application of the nuclear Overhauser effect (NOE) to the 
aromatic system may be used to determine the position of 
substituent groups. ' The only reported example is in the 
structure determination of irisxanthone(5) where irradiation of 
the 5-OMe exerted an NOE on 4-H . These results have been 
confirmed. . 
13 
C-NMR spectroscopy is also useful in structure determination 
2 6 
of xanthone glycosides and was used by Hostettmann et al. . for 
locating the acetyl group on the sugar moiety of gentiabava-
rutinoside. It is particularl diagnostic for determining the 
sugar linkage in disaccharides (or polysaccharides). Whereas the 
signal of the carbon carrying the primary alcohol appears at 
27 
S62 in glucose. This signal is shifted to 8 67 in 
26 disaccharides possessing 1-6 linkage (rutinose ) 
59 
or primeverose 
13 A systematic C-NMR study of naturally occurring 
59 
xanthones is now in progress and will be published shortly 
The chemical shift of the carbonyl carbon is approximately 
S 184.5 when positions 1 and 8 are substituted by hydroxyl groups. 
When one of these positions is occupied either by a methoxyl 
group or a sugar moiety, the carbonyl singnal is shifted upfield 
by about 4 ppm; if both positions bear methoxyl groups or sugar 
moieties, the upfield shift is about 10 ppm. When methoxyl 
groups are located in positions 1 or 8, they appear at 
approximately S6 0-61, whereas they appear about S56 when 
located in other positions on the xanthone nucleus. 
MASS SPECTROSCOPY ^ " 
This technique has had few application in the structure 
determination of xanthone glycosides. The first was due to 
fi fi 
prox who established the fragmentation pattern of mangiferin 
and related C-glycosides. Aritomi et al. obtained 
satisfactory results by working on peracetylated derivatives 
of the same and analogous compounds. In mass spectra of 
0-glycosides, no discernable molecular ion peak can be 
observed, but an importa.nt fragment ion peak due to the 
aglycone^ moiety appears, followed by further fragmentations. 
Significant fragment ions from the loss of OH^H_0 and CHO 
are typical for xanthones and related compounds with a 
methoxy substituent peri to a carbonyl function. ' 
Recently, Hostettmann et al undertook a systematic study 
of permethylated xanthone-O-glycosides. A weak molecular 
peak could be obtained and it was possible to differentiate 
between several oxidation patterns. 
2fi 
(ii) CHEMICAL METHODS 
Xanthones(l) in their reactions resemble the chromones 
64 
more closely than the Y* -pyrones 
65,66 
absorption spectra. 
Physical data such as 
and diple moment(3.11 D) are in 
agreement with this structure and indicate that only about 
67 3% is present as the Zwitterion resonance hybrid(XXII) 
( 1 ) (XXII) 
Tetrahydroxy xanthones are true chromones and behave 
like these compounds in their reactions. 
1- Confirmation of presence of Carbonyl group 
A characteristic property of the naturally occurring 
xanthones is the inertness of the carbonyl group towards 
reagents that ordinarily react with the carbonyl group. 
fi R 
Xanthone itself yields an oxime under forcing conditions , 
but attempts to prepare oximes from xanthones carrying 
1 (or 8)-substituent by the standard methods, have been abortive, 
However, the following methods can give useful information 
on the presence & environment of the carbonyl group. 
30 
(a) The formation of onium Salts 
Hydroxyxanthones are not markedly basic, but the fully 
methylated compounds have a much enhanced basicity as shown 
by their solubility in concentrated hydrochloric acid with 
the production of onium salts which are however, readily 
hydrolysed. Characterization of the fully methylated xanthones 
has often been achieved by the production of the crystalline 
69 
and more stable ferrichlorides and perchlorates 
These onium salts may be represented by the following structure; 
<r 
X 
where X- is CI, FeCl.-, or ClO -
4 4 
31 
(b) The formation of boroacetates 
Compounds (XXIII) which possess a hydroxyl group in 
a position ortho to a carbonyl group react with boroacetic 
70 
anhydride to give boroacetates(XXIV). 
B(OCOCH3)2 
(XXIII) (XXIV) 
If other hydroxyl groups are present in the molecule, they 
are acetylated. The boroacetates are readily hydrolyzed to 
yield the 1-hydroxyxanthone, boric acid, and acetic acid. 
(c) The Grignard reactions : 
Xanthones(l) add aliphatic as well as aromatic Grignard 
reagents and give 9-substituted xanthydrols(XXV). 
Xanthydrols(XXV) with the following substituents have been 
prepared in this way : 
9-methyl , 9-Isoamyl , 9-benzyl , 9-phenyl ' , 
7 6 9-0-tolyl, 9-0-ethoxy-methyl phenyl , 9-p-tolyl, 
77 9-p-chlorophenyl, 9-p-bromophenyl , 2-methoxy-9-phenyl, 
78 7 Q 
3-methoxy-9-phenyl , 2,7-dimethoxy-9-phenyl , 
3-chloro-9-phenyl, 3-bromo-9-pheny'l , 2,7-diinethyl-9-phenyl 
3,9-diphenyl^-'", 9-s tyryl^^, 9-B, B-diphenyl v inyl^^ '^^ , 
9-O-biphenyl , l-methoxy-9-styryl , 2,3-b€:nzo-9-phenyl , 
8 "i l,2,7,8-dibenzo-9-phenyl, 1,2,6,7-dibenzo-9-phenyl , 
8 7 ^^ 
2,3,6,7-dibenzo-9-ctyryl and p-phenylenedixanthenol 
RMgBr 
(1) (XXV) 
<">, < • 
* • 'J 
in the reaction of xanthone with phenyl or 0-tolyl magnesium 
bromide, if the reaction mixture is evaporated to dryness 
and extracted with petroleum-ether, small amounts of the 
9,9-diarylxanthenes(XXVII) can be obtained. It has been 
suggested that this product(XXVII) is formed by the reaction 
89 
of the Grignard on the first addition product(XXVI) in a 
manner similar to that observed with Grignard reagents and 
xanthylim salts. 
(1) 
Cg HgMgBr 
BrMgO •C6"5 
(XXVI) 
HcC 5^6 C6«5 
(XXVII) 
34 
Triphenylmethyl magnesium bromide behaves with xanthoues in 
a similar manner to that with benzophenone and forms a metal 
ketyl(XXVIII, M=Mg Br) which dimerizes to the pinacolate(XXIxf . 
(C^H5)3CMgBr 
(1) 
(XXIX) 
Diphenyl methyl sodium adds normally to xanthones and gives 
91 9-benzohydrylaxanthenols 
'6^ 
(d) Reduction 
This involves reduction of the carbonyl group, in a 
fully methylated hydroxyxanthone, to a methylene group with 
92 93 94 
lithium aluminum hydride ' and a comparison of the ultra-
violet absorption spectrum of the xanthene with that of the 
original compound. The substituted xanthene has a spectrum 
which is fundamentally different from that of the xanthone. 
Xanthone(l) is reduced by alkaline reducing agents such 
as sodium amalgum and ethyl alcohol , aluminum isopropoxide 
97 98 
or zinc and alkali ' > to xanthydrol(XXX). The behaviour with 
99 
sodium and alcohol is different and gives xanthene (XXXI). 
The reduction of 2,7-dibromoxanthone and 2,7-diiodoxanthone 
proceeds without the loss of hologen only with aluminum isopropoxide 
and gives the isopropyl ether of the xanthydrol. 
36 
Acidic reducing agents such as zinc and hydrochloric 
acid convert xanthone, 4,5-dimethyl xanthone, and 2,7-dimethyl 
102 
xanthone into dixanthylenes (XXXII). If hydrogen bromide 
or acetic acid and sodium perchlorate are used in place of 
103 the hydrochloric acid, dixanthylium bromide-zink bromide 
104 
and dixanthylium diperchlorate (XXXIII) are formed, 
respectively. Dixanthylene (XXXII) is obtained upon treatment 
of (XXXIII) with phenyl magnesium bromide or phenyl lithium. 
•*-+ 
2C»04 
(XXXIII) (XXXII) 
37 
Dixanthylene(XXXII) can be made in a similar manner by 
treating 9, 9-dichloroxanthene (XXXIV) with metallic copper^''^^'•'•°^, 
Xanthione(XXXV) behaves differently from xanthone with zinc, 
hydrochloric acid and acetic acid by giving dixanthyl(XXXVI). 
(COCO2 
soci. 
CI a 
(XXXIV) 
CN>. 
(XXXII) 
38 
In 
HO Ac 
(XXXV) (XXXVI) 
No reduction of xanthone(l) by using isopropyl alcohol 
107 
and sun light to a pinacol is observed similar to that of 
benzophenone, even though the two ketones have approximately, 
the same oxidizing strengths 
Reduction of xanthone(l) with hydriodic acid and 
phosphorus or by distillation with zinc dust leads to 
xanthene"'-^ ^ (XXXI). 
o9 
Catalytic reduction over a nickle catalyst at 2 00^ -^ -^ *^  'or over 
111 
a copper catalyst below200'^gives mainly xanthene (XXXI) . Higher 
temperatures cause reduction of the benzenoid ring and cleavage 
and give tetrahydroxanthene(XXXVII), hexahydroxanthene(XXXVIII), 
dodecahydroxanthene(XXXIX), 2-benzylcyclohexanol, dicyclohexyl-
methane , and 2-hydroxydicyclohexylmethane 
H H 
(XXXVII) (XXXVII) 
(XXXIX) 
112 
40 
(e) Acylation and glycosylation : 
JUzrylation of hydroxyl groups can be accomplished by 
means of acetic anhydride in the presence of sodium acetate 
or pyridine , and by benzoylchloride and alkali or 
113 pyridxne . Partial acetylation of 1,7-dihydroxyxanthone(XL) 
is possible with pyroboroacetates. The boroacetat.e (XLI) formed 
is hydrolysed by water to yield l-hydroxy-7-acetoxyxanthone 
115 (XLII) . 
HO 0 
B(OAc)-
0. .0 
\ / 
BtOAc). 
OAc 
(XL) (XLI) 
HO 0 
OAc 
(XLII) 
41 
Glucosides of hydroxyxanthones are prepared by ti^ eating 
an hydroxy compound with acetobromoglucose and alkali in 
115 .^^  ., . . ^. 116 
acetone or Silveroxide in quinoline 
Halogenated xanthones undergo the Ullmann reaction with 
T 117 ., . 118 ^ 1 • u *-• • 119 phenols , anilines , and aliphatic amines and forms 
phenyl ethers, N-substituted anilines, and N-substituted 
arainoxanthones(XLIV) respectively. Substances of the type(XLIV) 
is prepared from l-chloro-4-methyl xanthone(XLIII). 
C6H5NO2 
RNHi 
Cu 
NHR 0 
(XLIII) (XLIV) 
42 
(f) Oxidation : 
Xanthone is completely oxidized when it is refluxed 
with either potassium permagnate or chromic acid solution. 
Substituted xanthones(XLV) are more stable and if they contain 
alkyl groups, can be converted at lower temperatures by these 
.120,121 
reagents into xanthonecarboxylic acid(XLVI). 
H0 0C-CH2t"2 
KMOOA 
HOOC 
(XLV) (XLVI) 
Euxanthone(XLVII, R=H) at low temperatures with chromic acid 
122 IS reported to give 8-hydroxy-2, 3-quinoxanthone(XLVIII) 
The same compound can also be obtained by oxidizing 
2,3,8-trihydroxyxanthone with benzoquinone. If the 7-hydroxyl 
group is protected as the methyl ether(XLVII, R=CH ) and 
potassiiom permagnet is the oxidizing agent, l,4-dihydroxy-7-
123 
methoxyxanthone(XLIX) is obtained. 
43 
CH30 
K jS jOg 
R = CH3 
0 OH 
(XLIX) (XLVII) 
(XLVIII) 
44 
Xanthione (XXXV) is sensitive to oxidizing agents and i6 
converted by oxygen in benzene solution in the presence of 
sunlight or triethlphosphine into xanthone(l). 
Triethyl 
Phosphine 
(1) (XXXV) 
45 
(g) Ring opening : 
Xanthone(l) is quite stable towards heat and decomposes 
above 860 to give a 10% yield of dibenzofuran(L) , when(LI) 
is heated with molten alkali at a lower temperature it gives 
either the phenol and the salicylic acid 
' 191 
0,0-dihydroxynaphthophenone(LII) 
127 
or a substituted 
860 
— > 
(L) 
KOH 
230'-260* 
(LI) (LII) 
46 
The presence of nitro groups ortho or para to thfe 
heterocyclic oxygen makes the xanthone more susceptible to 
cleavage. Thus, 2-methyl-7-nitroxanthone(LIII) is cleaved 
128 to (LIV) by simply refluxing with 10% alkali , and 
2,7-dinitroxanthone(LV) opens when heated with piperidine 
to give(LVI). The piperidine cleavage is not general since 
no product is obtained with 2,4,5,7-tetranitroxanthone or 
2,7-aibromo-4, 6-dinitroxanthone. The cleavage apparently 
.is characteristic of piperidine since aniline can not be 
129 
substituted for it 
107. KOH 
CH3OH 
N02 12 hr 
0,N 
(LV) (LVI) 
R- -N 
4V 
Sodium amide in boiling xylene cleaves xanthones«T(LVII) 
in a different manner from that observed with alkali and 
forms diphenyl ethersILVIII) ' 
HO 0 OH 
NoNH-
(LVII) (LVIII) 
48 
2- Degradative Methods : <" 
There are three general methods v/hich are out lined below. 
(a) Demethylation : 
Most naturally occurring xanthones contain methoxyl 
groups. Demethylation may be accomplished by heating them 
with hydriodic acid(either alone or mixed with glacial acetic 
acid) or by means of aluminum chloride in boiling benzene or 
chlorobenzene solutions. The possibility of the occurrence of 
131 . 132 
a Wessely-Moser rearrangement should be borrein mind 
It should also be noted that demethylation of sterigmatocystin(LI> 
with aluminum chloride in chlorobenzne was accompanied by the 
-^ • ^ . ^ -. • 40,133 ^ , ^ 
fission of an Ar-C line , presumbaly by a reverse 
Friedel-Crafts reaction. 
(LIX) 
Sterigmatocystin 
49 
(b) Fusion with potassium hydroxide 
High temperature fusion of a xanthone with potassium 
hydroxide may lead tc the identification of pehnols of 
134 . 135 
diagnostic value, e.g., resorcmol , phloroglucinol , etc., 
but difficulty for separation of mixtures of phenols, phenolic 
acids and hydroxybenzophenones often result. These may, 
135 however, be separated and identified by paper chromatography 
(c) Stepwise oxidation 
It has been shown ' that I-hydroxyxanthones a^re 
converted, by a modified Elbspersulfate oxidation, into 
1,4-dihydroxyxanthones, and that the latter are susceptible 
to mild oxidation (by alkaline hydrogen peroxide), yielding 
138 Salicylic acid or a substituted Salicylic acid . For example, 
I-hydroxy, 7-methoxy-3-methylxanthone(LX) gave 1,4-di-
hydroxy-7-methoxy-3-methylxanthone(LXI), which was oxidized 
to 2-hydroxy-5-methoxybenzoic acid (LXIV), probably via (LXII) 
and (LXIII) 
HO 0 
OCHi 
HO 0 
OCHi 
(LX) (LXI) 
CO 
H^C 
0 0 
OCH, 
H-iC 
(LXII ) ( L X I I I ) 
OCHr 
(LXIV) 
51 
SYNTHESIS OF XANTHONES 
Xanthones can be synthesized as given below: 
(a) From 0-Hydroxybenzoic and 0-Hydroxynaphthoic Acids : 
O-Hydroxybenzoic acid and 0-Hydroxynaphthoic acids are converted 
into xanthones(I) by atomospheric distillation of the acid(LXV), 
139 
alone or in the presence of tungsten oxide or vanadium 
140 141 
pentaoxide , and by distillation of the aryl ester(LXVI) , 
142 
the acetate or a mixture of the acid and phenol with acetic 
1, ^  J 118 V,-, •-, 143 
anhydride or zinc chloride 
(LXV) (LXVI) 
+ H2O 
PC6H5 
4. CO. 
The mechanism of this pyrolysis is not clear. Possible 
intermediates are disalicylide(LXVII), 0-phenoxybenzoic acid 
(LXVIII), and 0,6-dihydroxybenzophenone(LXIX)since they also 
give xanthone upon distillation. 
52 
(LXVII) (LXVIII) 
,0H HO 
Evidence for the formation of such intermediates is not 
conclusive. Disalicylide(LXVII) is formed by distillation of 
144 the acetate of salicylic acid at reduced pressure . The 
145 phenyl ester of (LXVIII) is obtained only if Salol is 
146 pyrolyzed in the presence of a small amount of sodium carbonate 
The third possibility(LXIX) would be formed through a Fries 
rearrangement of phenyl salicylate and its formation might be 
possible without an acid catalyst at the high temperatures. 
The actual results obtained with these pyrolyses suggest that 
the disalicylide(LXVII) and atleast one of the other 
intermediates must be formed simultaneously since symmetrical 
3 
xanthones often are obtained as by-products or as the nrtain 
147 t>roduct in the preparation of unsymmetrical xanthones. 
Thus phenyl 6-methyl salicylate(LXX) upon distillation gives 
a mixture of 4-inethylxanthone (LXXI) and 4,5-dimethylxanthone 
(LXXII), and salicylic acid, thymol and acetic anhydride give 
147 
mainly xanthone . The disalicylide may be stable in some 
cases and is actually the main product in the pyrolysis of a 
97 
mixture of thymotic acid and thymol 
148 
OC^Hs 
(LXX) 
54 
This pyrolysis method for preparing xanthones resembles 
149 the Simonis reaction for the preparation of chromones 
Thus 2-carbethoxycyclohexanone gives tetrahydroxanthone(LXXIII) 
COOC2H5 
u 
Xanthones with the following substituents have been 
prepared by pyrolysis: 4-nitro , 2-methyl , 4-methyl, 
4,5-dimethyl , 2,7-dimethyl , 1-hydroxy, 3-hydroxy , 
2-hydroxy, 4-hydroxy , 1,3-dihydroxy , 1,6-dihydroxy , 
1,7-dihydroxy , 3-hydroxy-1-methyl, l-hydroxy-3-methyl , 
l-hydroxy-4-methyl, 8-hydroxy-2-methyl, 8-hydroxy-3-raethyl, 
155 157 
8-hydroxy-4-methyl , l-hydroxy-2-4-dimethyl , 8-hydroxy-2, 
6-dimethyl, l-hydroxy-3, 6-dimethyl, 3,4-benzo, 1-2-benzo, 
3,4,5,6-dibenzo, 1,2,7,8-dibenzo, 2,3,6,7-dibenzo, 
158 159 
4-hydroxybenzo(C), 2-hydroxybenzo(a) , 2-methyl-6, 7-benzo , 
and 1,2,3,4-dibenzo . In the preparation of hydroxy xanthones, 
154 dixanthones(LXXVI) are often produced as by products(LXXIV-LXXVI) 
55 
4-
56 
Similar intermediates(LXXVII) are probably involved in 
the preparation of xanthones(LXXVIII) by the reaction of 
161 
•C-naphthol with oxalic and sulfuric acids , in the pyrolysis 
16 2 
of coumarandiones(LXXIX) , when triaryl phosphates(LXXX) 
are heated with potassium carbonate of sodium salicylate , 
and in the pyrolysis of ortho carbonates(LXXXI-XII-XIII). 
(COOH)-
HjSO^ 
CO OH 
J 
CO OH 
(LXXVII) (LXXVIII) 
57 
Heat 
(LXXIX) 
58 
(C6H5)3PO^ ^^2^03 (CeH5)C03 
LXXX 
Heat 
OC6H5 
^ - C i o ^ y O , ,OC2H5 
(LXXXI) 
OC2H5 
•o 
o 
CO 
(LXXXII) 
59 
+ 
0C2H5 
(LXXXIII) 
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(b) From 0-Aryloxybenzoic Acids; 0-Aryloxybenzoic acfds are 
166 prepared directly either by the Ullmann reactions (LXXXIV-
LXVIII) or by treating an 0-dizoniumbenzoic acid(LXXXV) with 
167 
phenol and are useful for synthesizing unsymmetrical 
xanthones. Cyclization can be carried out in excellent yields 
168 by heat or with acidic reagents such as sulfuric acid , 
acetylchloride , a mixture of these , thionylchloride, 
171 145 
phosphorus pentachloride , phosphorus pentaoxide , phosphorus 
, , • . 172 , . .^173 , , , , . - 130 
oxycnloride , oxalic acid , oxalyl chloride , stannic 
174 120 
chloride on the acid or aluminum chloride on the acid 
chloride. Sulfuric acid has no effect upon Salicylic acid in 
benzene but does convert thiosalicylic acid in this medium to 
118 thioxanthone 
a, COOH C^H^ONa Cu Heat COOH 
(LXXXIV) ( L X V I I I ) 
COOH 
C^50H 
N J H S O A 
COOH 
OCfeHs 
etc 
(LXXXV) ( L X V I I I ) 
G l 
Xanthones with the following groups have been prepaiired from 
lift 1 7 R 
0-aryloxybenzoic acids: 1-chloro, 2-chloro , 3-chloro , 
118 176 177 
4-chloro, 4-bromo , 2-iodo , 1,4-dichloro , 1-nitro, 
2-nitro , 3-nitro , 4-nitro ,2,4-dinitro , 2-inethyl, 
"I /r /: l4 7 
4-methyl, 2,4-dimethyl , l-inethyl-4-isopropyl , 3-bromo-2-
^, . 120 , ^, 79 _ ^, 166 ^ ^, 168 , ^, 166 
methyl , 1-methoxy , 2-methoxy , 3-methoxy , 4-methoxy ', 
79 179 
1,7-dimethoxy , 2,7-dimethoxy ' 3-methyl-l, 4,8-trimetnoxy, 
3-methyl-l,4,6-trimethoxy , 3 ,5,'8-trimethyl-2, 4 , 7-trimethoxy , 
I, 173 . , 169 , - , 173 ^ , o V, 120 2-carboxy , 4-carboxy , 1-or 3-carboxy , 3-Dromo-2-carboxy 
1,2-benzo , 2,3-benzo , 3,4-benzo , 2-methoxy-5, 6-benzo , 
81 3-phenyl, 2,6-diphenyl, 1,6(or 3,8)-diphenyl , and 
3,4-phthaloyl 
0-phenoxybenzoyl chlorides(LXXXVII) must be intermediates 
183 in the formation of xanthones(LXXXVIII) from substituted 
diphenyl ethers(LXXXVI), oxalyl chloride, and aluminum chloride 
since oxalyl chloride is decomposed by aluminum chloride into 
8 9 
phosgene and carbon monoxide 
JCfcHs 
(COCOj 
f-
AlCl 
OCH-
(LXXXVI) 
OCH, 0 
(LXXXVII) 
(LXXXVIII) 
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(c) From O-d-Dihydroxybenzophenones. 0-0-Dihydroxybenzophenones 
can be prepared by the Hoesch reaction(LXXXIX-2XL) and cyclized 
to xanthones(2XLI) by treatment either with dil acids 184 
185 179 
concentrated sulfuric acid , aluminum chloride , water at 
200-220 or acetic anhydride in pyridine 
OH AcO 
+ 
(LXXXIX) 
(2XLI) 
G3 
Xanthones with the following groups have been prepared in 
18 8 184 
this fashion: 3-hydroxy, 3,6-dihydroxy , 1,3-dihydroxy , 
179 189 186 
8-dihydroxy , 3,4-dihydroxy , 3,5-dihydroxy , 1,2-benzo-
187 190 
6-hydroxy, 1,2-bonzo-5,6-dihydroxy , 1,3-dihydroxy-7-nitro , 
189 191b 
3,4,6-trihydroxy , and 1,3-dihydroxy-7-methoxy. 
Tetrahydroxanthones can be obtained with poor yields by a 
similar cyclization of 2-(0-acetoxybenzoyl) cyclohexanones 
192 (2XLII) . 
OAc 
COCl 
-f Na 
u 
H 2 k ^ " 2 
HCl 
64 
/ 193 ' 
0-0-Diaminobenzophenone(2XLIII) , 0-0-aminohydrbxybenzo-
194 
phenone , and 0,0-chlorohydroxybenzophenones(2XLV) can also 
serve as intermediates for xanthones. From the first two 
compounds nitrous acid, or ethyl nitrite gives either the 
0,c5-dihydroxybenzophenone (2XLIV) or the xanthone(I) directly. 
The last substance (2XLV) requires refluxing with alkali. 
-H 
65 
30»/,KOH 
CH3OH 
The above method has been used for the preparation of 
xanthones with the following groups: 2-methyl, 2-methyl-7-nitro 128 
117 l-carboxy-2-chloro-7-methyl, l-carboxy-4-chloro-8-methyl 
195 I-carboxy-2,3,4-trichloro-5-methyl , I-carboxy-2,3,4-trichloro , 
I-carboxy-2,3,4-trichloro-6-methyl, I-carboxy-2,3,4-trichloro-
196 7-methyl, I-carboxy-2,3,4-trichloro-7,8-benzo , I-carboxy-2 
197 18 0 
3,4-trichloro-6-hydroxy , and 1,2-benzo 
SYNTHESIS OF 4-HYDROXYCOUMARINS 
66 
4-Hydroxycouinarins are synthesized as given below; 
(i) From 0-Hydroxyphenyl Ketones 4-Hydroxycoumarins 
(2XLVIII) are formed in good yields by the condensation 
of o-hydroxyphenyl ketones (2XLVII) with diethyl carbonate. 198 
CH-,0 CH3O 
CHj-R 
Na 
(C2H5)2C03 
100 
OH 
(2XLVIII) 
0 
(2XLVII) 
(ii) From Salicylic Acid Derivatives. Acylation of the 
sodium derivatives of ethylacetoacetate, ethyl malonate, 
or ethyl cyanoacetate by substituted o-acetoxy benzoyl 
chlorides (2XLIX) in ether gives 3-substituted 4-hydroxy-
coumarins (2XLX) (2XLXI) or benzotetronic acids. 
(^^^^.^'^ 
COOC2H5 
MV'"" 
(2XLIX) 
COCH-
(2XLXI) 
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similar products are also formed from methyl acylsali'cylates 
(2XLXII) by a claisen condensation 
^ X " \ x O C O C H 2 R 
COOCH3 
(2XLXII) 
Na 
o 
2A0 
2 01 (iii) From Phenols : By means of the Hoesch reaction 
4-hydroxycoumarins (2XLXIV) have been prepared from 
• i202 , ^ - . 203 ^ V. ^  V. ^ • 204 
resorcmol , phloroglucxnol and hydroxyhydroquinone. 
This method fails with cresols, hydroquinone and phenol. 
NCCH2COOC2H5 
HCl/ZnCl2 
C-C H^COOC^H^ 
NHHCl 
G8 
compounds of t h i s type (2XLXV), however, can be madfe by 
hea t ing phenol wi th e t h y l raonoalkylmalonates a t 200-240° 
CH3CH(COOC2H502 
2 0 0 - 2 4 0 ° 
rrr' 
OH 
CH3 
(2XLXV) 
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SYNTHESIS_gP_PyRIDAZINES AND HYDROGENATED PYRIDAZINES 
(i) From unsaturated 1,4-Diketones; The synthesis of 
pyridazines by the reaction of hydrazine with 2,3-unsaturated 
1,4-diketones, which is the most direct way of preparing 
these compounds, has not been extensively studies. 
Dibenzoylethylene (2XLXVI) and substituted dibenzoylethylenes 
are available and have been converted to 3,6 diarylpyridazines 
(2XLXVII) in excellent yield.^ °^ "^ -'-° 
HC 
II 
HC 
•COC6H5 
xoceHg 
-\- HjN-NHj-HjO 
Hs^e N 
(2XLXVI) (2XLXVII) 
The reaction occurs readily with cis isomers but as a rule 
requires refluxing with acetic acid for the trans isomers and 
may fail entirely. Maleic dialdehyde has been prepared from 
its acetal and converted without isolation to pyridazine. 
A related pyridazine synthesis employs a furan as 
211 
starting material in the best known example 212 , nitration 
70 
of furan itself in acetic anhydride leads to an addition 
compound which has been formulated as (2XLXVIII), (2XLXIX) or 
(2XLXX) ' . When this is treated with hydrazine hydrate, 
it forms pyridazine (3XLI) . This has been employed as a 
synthetic method, although the overall yield of pure products 
215 
is not high . The intermediate steps are uncertain, but 
the intermediate hydrolyzes in warm water and the solution 
readily gives derivatives such as the dioxime or bisphe%yl-
212 hydrazone of maleic aldehyde . Two methoxyl groups can 
be added similarly to furan such as furfuryl acetate or 
2-methylfuran and the addition product yields a pyridazine 
by mild acid hydrolysis followed by treatment with hydrazine 
, -, . 216-217e. hydrate 
(2XLXVIII) (2XLXIX) 
L 
Or ^ = C H - C H = C 
(2XLXX) 
N2H4.H2O 
(3XLI) 
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(ii) From 1,4-Diketones; The reaction of saturated 
1,4-Diketones with hydrazine or hydrazine derivatives can 
proceed in a variety of ways. Most cornironly the product is 
either a dih^dropyridazine such as (3XLIII) or an aminopyrrole 
(3XLIV), but mono-or bis-hydrazones have been isolated and 
polymers may be formed. An additional complication arises 
from the instability of the dihydropyridazines which may 
undergo disproportionation to yield pyridazines when distilled 
and often oxidize to pyridazines easily in the air. 
With ethyl JL,/,'—diacetosuccinate (3XLII) and hydrazine-
218—223 hydrate, one of the more carefully studied examples, 
both ethyl 3,6-dimethyl-.4,5-dihy4ropyrrdazine-4,5-aicarboxylate 
(3XLIII) and ethyl l-araino-2, 5-dimethylpyrrole-3,4-dicarb-
oxylate (3XLIV) are obtained in alcoholic solution. In 
218 
acetic acid only (3XLIV) is formed. Curtius also isolated a 
third product to which he assigned the structure of a bispyra-
zolone, but Bfllow believed this to be a cyclic hydrazide of 
224 the dihydropyridazmedicarboxylic acid (3XLV) 
The structure of (3XLIII) and (3XLIV) have been 
carefully established. (3XLIV) reacts with nitrous acid, 
forming ethyl 2, 5-dimBthylpyrrole-3,4-dicarboxylate in 
221 
excellent yield . The aminopyrrole ester fails to give the 
characteristic pine splinter test for pyrroles, but l-amino-2, 
5-dimethylpyrrole obtained from it by hydrolysis and decarboxy-t-
lation gives a strong test. The dihydropyridazine (3XLIII) is 
222 
oxidized to the corresponding pyridazine without difficulty 
It is not benzolated by the Schotten-Baumann method, vrtiereas 
(3XLIV) yields a benzoyl derivative that can also be obtained 
219 from diacetosuccinic eater and benzhydrazide . Aminopyrroles 
and dihydropyridazines have characteristically different 
223 
absorption spectra in the ultraviolet 7 . with (3XLIII) and 
(3XLIV) as reference substances, the structures of a number 
225 
of thiese compounds have been established by this method. 
CH3COCHCOOC2H5 ^ . N2H^ 
(3XLII) 
COOC2H5 
0 H 
0 
r 
H 
^ ^ ^ » T 
HjcA^-N 
(3XLI I I ) 
H5C200C COOC2H5 
(3XLIV) 
(3XLV) 
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(iii) From Dihydropyridazines; The oxidation of a dihydro-
pyridazine to a pyridazine has been carried out with sodium 
or potassium nitrite in acetic acid ' , with chromic acid in 
22'? 22R 222 
acetic acid ' °, with permagnate in acetone , with 
hydrogen peroxide ^'^ and with nitric acid . The first 
"tiwo methods are preferred and generally give high yields. 
(iv) From Pyridazones : The preparation of pyridazines from 
pyridazones is one of the most common and useful syntheses of 
231 these compounds. It was first applied to 3-phenylpyridazine 
The starting materials are readily prepared from T -keto 
acids or their derivatives which yield pyridazinones and thence 
pyridazones. These are converted to 3-chloropyridazines by 
the action of phosphorus oxychloride. Although the synthesis 
involves several steps, the yield in each is good. The halogen 
can be replaced by other groups or removed by reduction with' 
232 phosphorus and hydroiodic acid or catalytically over a palladium 
233 
or nickle catalyst with an additional decarbo?cylation step, 
the method constitutes a practical synthesis of pyridazine 
232 234 (3XLVII), as shown in the equation ' . The overall yield 
of (3XLVII) from.f-ketoglutaric acid (3XLVI) was reported to 
be 24% in the earlier work and somewhat less in the more recent 
232 233 
paper , 3-Methylpyridazine is even more readily available 
becouse levulinic acid is inexpensive. A number of other 
O "3 "3 O O Cv 
p y r i d a z i n e s have been p repa red by the mtethod. ' . 
HOOCCOCHjCHjCOOH 4- NjH^ HjSO^ 
(3XLVI) 
74 
COOH 
Br2 
gJHOAc 
COOH 
Heat 
,cA 
>/H1 
N Or Pd|H: 
alc.NH^^OH 
(3XLVI I ) 
u O N 
The present research work can be divided into the 
following three parts:-
(A) Synthesis of 3, 6-dimethoxy xanthone (X). 
(B) Synthesis of 1, 8-dimethoxy 4-hydroxy-3-carboethoxy 
coumarin (XVIIi) 
(C) Synthesis of 6-(2-hydroxy 4-methoxy phenyl)-
2, 3, 4, 5-tetrahydropyridazine-3-one (XXI). 
The synthesis of 3,6-dimethoxyxanthone is novel as it has 
never been reported by polyphosphoric acid condensation of a 
^(benzoyl) propionic acid are its derivative and a phenol. A probable 
pathway for its synthesis by this procedure has been suggested. 
c^-hydroxyacetophenones have been reported to give 4-hydroxy 
coumarin by the action of diethyl carbonate but in the present case 
a 3-carboethoxy derivative of 4-hydroxy coumarin has been obtained 
by reacting 2-hydroxy 3,4-dimethoxy acetophenone with diethyl 
carbonate in presence of pulverized sodium which is unique. 
Most of the heterocyclic compounds containing nitrogen are 
significantly biologically active. In order to study the biological 
activity a new pyridazine derivative has been synthesised. 
All the above compounds have been characterised by NMR and mass 
spectral studies. Detailed discussion follows^-
75 
Synthesis of 3y6-dimethoxvxanthone(>0(A novel reaction) 
An attempt was made to synthesise 1,4-Bis (2,4-dihydroxy 
phenyl) butane dione (III) by reacting B (2,4-dihydroxy 
benzoyl) propionic acid (I) with resorcinol (II) in presence 
of polyphosphoric acid through dehydration. Under normal 
circumstances the following reaction was expected. 
(II) (III) 
However instead of compound (III) through a novel 
pathway a xanthone (VIII) was formed whidiion methylation 
with diazomethane gave methylated derivative. It was 
characterised as 3,6-dimethoxyxanthone (X) on the basis 
of NMR and mass spectral data. The formation of xanthone 
by polyphosphoric acid condensation is unexpected but novel 
It is possible that through the following mechanism of 
action the 3,6-dihydroxyxanthone would have been formed. 
HO>s^.^:^v^OH HO "'• " 
OH 
.0 ' . -h i;i^ . c=o 
I 
CHo—CH2 
•-Ml) 
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0 ( V I I I ) 
CH3CH2COOH ^ C ^ 
( IX ) ( V I I ) 
CH30 
OCH. 
(X) 
The first step might be a condensation of resorcinol(I) 
with the keto acid (II) resembling phthalein condensation 
which is also acid catalysed leading to (V). There is no 
known analogy for the hydrolytic fission to give the 
xanthone (VIII) and propionic acid (IX). However, it is 
possible that the hydrolytic cleavage could have taken place 
at (VII) giving rise to xanthone (VIII). 
77 
The NRM spectrum of (X) showed a methoxyl signal at 
d4.0 and signals arising from a trisubstituted benzene 
ring. The latter consisted of a doublet at S8.35 (J=9H ) 
and a double doublet centred around S 7.04 (J = 9, 2 H ) 
z 
partly overlapping with another proton signal. 
The integration showed 1 methoxyl for 3 aromatic 
protons. These are similar to that observed for the aromatic 
ring of the starting material. 
The mass spectrum gave a molecular weight of 256 
corresponding to C,- H O.. Thus the compound appears to 
have a symmetrical structure. 
A possibility is the following structure (X) (dimethoxy-
xanthone). 
CH3O OCH 
•V256 
78 
This is supported by 2 fragmentations M-CHj^ O at m/e 
226 and M-COCH at m/e 213. 
H3CO OCH3 
OCH. 
M/e 226 
(XI) 
OCH-
(XII) 
Or 
OCH. 
m/e 213 
A final proof for its structure was obtained by<-
synthesising 3/6-dimethoxyxanthone from B-resorcylic acid 
236 (XIII) . The following scheme for its synthesis was 
followed. 
(XI I I ) ( I I ) 
ZnOg/POCIa 
-H20 
OCH3 ^Q 
CH2N2 
(VI I I ) 
Cyclisation of (XIV) was done by heating it at a 
temperature of (200-220 ) in an oil bath. The reported 
236 
method of cyclisation by autoclave method did not 
succeed. Methylation of 3,6-dihydroxyxanthone with 
diazomethane gave 3,6-dimethoxyxanthone obtained by PPA 
condensation of (I) and (II) in all respects through m.m.p 
and co-chromatography on TLC plate. 
80 
B-(2,4-dihydroxy benzoyl) propionic acid (I) for.the 
above reaction was synthesised by Friedel & Crafts reaction 
237 following the method of Desai and Schroff, . To a solution 
of resorcinol and anhydrous AlCl in dry nitrobenzene was 
slowly added succinic anhydride and the reaction mixture 
after heating for 6 hours on a water bath was left for 
48 hours. After decomposition of AICI, by ice cold 
hydrochloric acid, nitrobenzene was removed by steam 
distillation. The residue on purification gave pale yellow 
needles m.p.203°. It was methylated with diazometh&ne as 
well as dimethylsulphate to give a compound, m.p.90-92 . 
The NMR spectrum of this compound showed two triplets 
centred at o 2.8 and ^3.35 each integrating for 2 protons 
forming an Ky X_ system. There was a methoxyl signal at 
^3.85 and a signal for methyl ester grouping at ^  3.95. 
Besides these a 2 proton multiplet centred at ^ 6.5 and a 
one proton doublet centred at o 7.7 (J = 9H ) was present. 
These data confirmed the structure of this compound as 
B-(2 hydroxy 4-methoxy benzoyl) propionic acid methyl ester 
and hence the parent compound as B-(2,4-dihydroxy benzoyl) 
propionic acid (I). 
(I) 
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Synthesis of 7,8-dimethoxy 4-hydroxy-3-carboethoxy covimarin (XVIII) 
The above compound was obtained by the action of diethyl 
carbonate on 3,4-dimethylether of gallacetophenone(III) in the 
presence of pulverised sodium. 
3,4-diroethyl ether of gallacetophenone (XVIII 
Gallacetophenone (XVI) was prepared by Nencki reaction. 
This is a zinc chloride catalyzed acylation of a phenol, 
pyrogallol (XV) was reacted with acetic anhydride in presence 
of freshly fused zinc chloride at a temperature of 140-45 . 
Excess acetic anhydride was distilled off under reduced 
pressure and the residue 'on dilution with water gave ; 
gallacetophenone. ,Its 3,4-dimethyl ether (XVII) was prepared 
by refluxing it with dimethyl sulpl>ate (2 moles) in dry 
benzene in presence of anhydrous potassium carbonate: 
(XV) 
OCH. 
^-OH H3CON 
r (CH3)2S04 ^ 
II 0 
(XVI) 
OC 
n 
0 
(XV I I ) 
,H 
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7/8-diinethoxy 4--hydroxy-3-carboethoxy coumarin (XVIII*) 
3,4-dimethyl ether of gallacetophenone (XVII) was 
refluxed wiLth dry diethyl carbonate in presence of pulverised 
sodiiaip. Excess sodivun was destroyed by adding methanol. 
Water was added and unreacted material was separated by 
extraction with ether. Aqueous layer on acidification with 
HCl gave (XVIII). 
H3CO 
(XVII) 
Na 
<C2«5^2^°3 
OCH3 
COOC2H5 
The NMR spectruTrt of (XVIII) showed a triplet at ^  1.4 
for 3 protons (J = 7H ) and a quartet for 2 protons at 
& 4.5 together indicating the presence of -OC H . There 
was a singlet at ^ 4.0 integrating for 6 protons of the two 
methoxyls. In the aromatic region there were two orthocoupled 
doublets at ^7.05 & ^ 7 . 9 0 ( J = 8 H ) indicating the 
z 
presence of two orthoprotons. There was a sharp singlet for 
a chelated hydroxyl at S 15 exchangeable with Do. The low 
field doublet at ^ 7.9 is obviously from H-5 and the other 
at ^ 7.05 is due to H-6.^  
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Tnus "the structure of the compound could be inferred 
as (XVIII) above. 
The mass spectrum of the compound had a molecular 
ion peak at m/e 294 consistent with coumarin structure 
(XVIII)« in the mass spectrum there was a loss of 46 mass 
unite corresponding to a loss of an ethanol unit. RDA 
fragmentation, well known in 4-hydroxy coumarins gave the 
A ring ions at m/e 180 and m/e 181, the former dominating. 
Thus tne structure was confirmed as 7,8-dimethoxy-4-hydroxy 
3-carboethoxycoumarin. The fragmentation pattern may be 
shown as given below. 
OCH3 
C00C2Ht 
M 294 
OCH 
ON. ^ O 
>^ 
c=o 
m/e 2 A B 
OCH 
= 0 
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Synthesis of 6-(2-hydroxyf, 4-methoxy phenyl)-2^3^ 4^5- «• 
tetrahydropyridazine-3~one (XXI) 
A large number of heterocyclic compounds either from 
natural sources or prepared synthetically have been found to 
p:rjess biological activity. In view of the above facts it 
was considered wortlf-while to synthesise a pyridazine 
derivative by reao€''ing fi(2,4-dihydroxy benzoyl) propionic acid 
(which we had synthesised for our other studies) with hydrazine^ 
hydrate in presence of sodium acetate. We could not hov/ever 
succeed in this attempt as the resultant compound inspite of 
our best efforts could not be purified. 
We, therefore,attempted to carry out the reaction with 
i<- S'^ (2-hydroxy, 4-methoxyfbenzoyl) propionic acid methyl 
ester (XIX) and hydrazine hydrate (XXl in presence of sodiiim 
acetate. After usual work up a yellow compound <XXI) , •m;g'.213-15° 
was obtained. • ' 
OCH--t-H2N'NH2 
(XIX) (XX) 
8S 
The NMR spectrum of this compound showed two triplets 
centred at & 2.7 andJS.l each integrating for 2 protons. There 
was a singlet for one methoxyl at S 3.9. In the aromatic 
region there was a two proton multiplet centred at S 6.6 and 
an orthocoupled doublet at S 7.4 (J = 9H ) for one proton;;. 
Besides these there was a chelated hydroxyl at ^11.8. These 
data are in accord with the above structure (XXI). 
Further support for this structure was obtained by 
mass spectral studies. In the mass spectrum, it showed the 
M^ peak at m/e 220. The other significant peaks were at 
m/e 219, 190 and 176. The fragmentation pattern may be shown 
as given below. 
H^CoTV 
i m/c 219 
-OCH. 
m/e ISO 
m/e 176 
R M E N A 
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Synthesis of 3.6-dimethoxvxanthone(X) 
r^epa3:^ tion of succinic anhydride 
In a 500 ml round bottom flask fitted with a reflux 
condenser with calcium chloride tube, attached to a gas 
trap were placed succinic - acid (60 gm) and acetyl chloride 
(130ml) . The mixture was gently ref luxed on a steam bath until 
all the acid dissolved. This required two hours. The solution; 
was allowed to cool. Beautiful colourless crystals settled 
down, which were filtered, washed with two portions of 
ether (70 ml) and dried in a vacuum desiccator, m.p.119-20 , 
yield 50.0 gm. 
Preparation of p-(2,4-Dihydroxybenzoyl) propionic acid (I) 
To a solution of resorcinol (11 gm) and anhydrous Aluminum-
chloride (28 gm) in dry nitrobenzene (160 ml) fitted with a 
calcium chloride tube, succinic anhydride (11 gm) was added 
slowly. Vigrous reaction started with the evolution of 
hydrochloric acid gas. The reaction mixture was heated on 
a water bath for six hours and left at room temperature for 
48 hours. It was then decomposed with ice cold hydrochloric 
acid. Nitrobenzene was ;i distilled off through steam distillation 
and the residue left in the flask (yield 14 gm) on crystalli-
sation from dil. ethanol, it gave a pale yellow compound, 
m.p.203° 
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Preparation of Polyphosphoric acid 
P|x'Qsph^ drus pentoxide (25.0 gm) was taken in a round 
bottom flask (250 ml) and to it was added orthophosphoric 
acid (20.0 ml). The flask was loosely stoppered and'aftier 
wrapping in cloth, shaken carefully by both the hands. Glass 
stopper was removed from time to time. Lot of heat was 
generated during the operation. The flask was left at room 
temperature to cool down. Polyphosphoric acid as a colour-
less highly viscous liquid was obtained. 
Preparation of i-«.6r<?ihydroxy xanthone (VIII) 
To a mixture of B (2,4-dihydroxybenzoyl) propionic acid 
(2.10 gm) and resorcinol (1.10 gm) in a 100 ml flask fitted 
with CaCl_ tube was added polyphosphoric acid (20 gm) and 
the contents stirred at room temperature magnetically for 
7 hours with occasional heating on a steam both. Druing the 
course of reaction,the mixture turned orange. 
The contents were left over night, poured over crushed ice 
while stirring, an orange coloured solid separated out, which 
was filtered, washed with cold water to make acid free and 
dried (yield 1.0 gm). The filtrate and washings showed 
deep orange and green fluorescence. Inspite of best efforts 
the above compound could not be crystallised. 
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Methylation of the above compound with diazomethane 
The above compound (800 mg) was methylated with excess 
Diazomethane. During the process of methylation vigrous 
reaction took place. The contents were left over night, and 
ether was then evaporated olEf. TLC examination ia T::E:F (5:4:1) 
sh6wedl;iit to be a mixture of three components. 
Separation of the above methylated products by column chromato-
graphy 
The above mixture (500 mg) was chromatographed on a 1 cm 
wide column of Silica gel (7.0 gm) . The column was elut€:d 
first with petroleum-ether (75.00 ml) and then with benzene 
(100 ml). 
Benzene eluate showed a sigle spot in TEF. Recovery of 
benzene left a residue which on crystallisation with methanol 
gave cream coloured crystals (100 mg), m.p.180-82°. On the 
basis of NMR and mass spectral data it was identified as 
3,6-dimethoxyxanthone (X). 
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Preparation of 3,6-dihydroxyxanthone (VIII). 
In order to estc±)lish the identity of the xanthone 
prepared accicErctally through a novel route, 3,6-dihydroxy 
xanthone was prepared by the known procedure and it was 
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then methylated to give 3,6-diinethoxy xanthone (X). The 
following steps were involved. 
2/2f» 4'/4* Tetrahydroxy benzophenone (XX^) 
Mixture of B-resorcylic acid (500 mg), resorcinol(500 mg), 
freshly fused ZnCll (2.0 gm), POCl (6;0ml) was kept at room 
temperature for 45 hous, and afterwards magnetically stirred 
for 3 horus. The contents were then poured on crushed ice and 
acidified with HCl. A ppt. was obtained which was filtered, 
washed with cold water and crystallised from boiling water to 
give orange needles (400 mg), m.p. 196-198 . 
3,6-dihydroxy xanthone (VIII) 
• 2,2' , 4,4'-tetrahydroxy benzophenone (400 mg) was heated 
in water (20 ml) at a pressure cof 126 (autoclave) for 
2 hours. On cooling the starting material was obtained back 
igisted of dihydroxy xanthone. (The reported method was to be 
heated at a temperature of 200-220° (autoclave) for 2T2i!i hrs^ , 
however we could not produce the above temperature with tie 
autoclave available with us). 
A recourse was therefore taken to thermal cyclisation 
which we have attempted in this case for the first time. 
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Thermal cyclisation 
The above compound (150 mg) was taken in a dry 
test tube and heated in an oil bath at 200-220° (bath 
temperature) for 2 hours. The test tube was then taken 
out and allowed to cool to room temperature. The solid 
mass was crystallised from acetonic-methanol mixture 
to give 3,6-dihydroxy xanthone which did hot melt below 
360°. 
3,6-dimethoxyxanthone (X) 
The dihydroxy xanthone (150 mg)given above was methylated 
with "diazomethane to give its dimethyl ether m.p. 181-83. 
This compound did not show any depression in m.p. 
on mixed melting with 3,6-dimethoxy xanthone and was 
identical on co-TLC examination (TEF) also. 
Synthesis of 7, 8-dimethoxy 4-hydroxy 
3-carboethoxy coumarin (XVIII) Q j_ 
Preparation of gallacetophenone (XVI) 
Freshly fused :zinc chloride (7gm) was dissolved 
in glacial acetic acid (10 cc) in a 250 ml round bottom 
flask fitted with a condenser and a clacium chloride tube, 
in a heating mantle. Acetic anhydride (15 cc) was then 
added followed by Pyrogallol (12.5 gm). The contents 
were heated for 45 minutes at a temperature 146-145 with 
frequent shaking. Unreacted acetic anhydride and acetic 
aciidl. under reduced pressure was distilled off. Ice pieces 
(about 100 gm) were added. A reddish brown substance 
separated out, which was filtered and washed with ice 
cQld water. Crystallization from boiling water, gave 
fine reddish brov/n shining crystals (7.2 gm) , m.p. 170-72 . 
Preparation of di-methylether of gallacetophenone(XVII) 
Gallacetophenone (10 gm) was dissolved in dry benzene 
(150 ml) and refluxed with anhydrous potassium carbonate 
(36 gm) and dimethyl aulphate (13.0 ml) for 8 hours. The 
contents were cooled to room temperature and filtered in 
order to remove potassium carbonate and washed with dry 
benzene. Filtrate and washings were combined together, 
concentrated to a small volume and left over-night in a 
92 
refrigerator. A solid separated out which was filtered, washed 
with cold water and crystallised from petroleum-ether to give 
colourless crystals (5.7 gm), m.p. 78°. 
Preparation of 1, 8-dimethoxy 4-hydroxy 3-carboethoxy 
coumarin (XVIII) 
Dimethyl ether of gallacetophenone (1 gm) was dissolved in dry 
and distilled diethyl carbonate (30 ml) and the contents heated 
under reflux for 5 hours in presence of pulverised sodium (1 gm). 
The reaction mixture was cooled to room temperature and excess 
of sodium was destroyed by adding methanol (2.5 ml) . Water 
(75 ml) was then added and unreacted products removed from aqueous 
layer by extraction with eether. Aqueous layer was acidified 
with HCI (40 ml). A reddish brown solid separated out which was 
filtered, washed with a little ice cold water, dried and 
crystallized from methanol as light brown needles (400 gm), 
mp. 170-72°, On T.L.C. examination it showed a single spot using-
T:E;F. (5:4:1) as solvent system. 
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Synthesis of 6-(2-hydroxy, 4-methoxy phenyl)-
2, 3, 4, 5-tetrahvdropyridazine- 3-one (XXI) 
Preparation of ^  (2-hydroxy 4-inethoxybenzoyl) propionic acid, 
methyl ester (XIX). 
(i) B {2, 4-dihydroxyben2oyl) propionic acid (I) 3 gm was 
added in dry acetone (175 ml) containing anhydrous potassium 
carbonate (12 gm), and dimethyl sulphate (4.8 ml). The contents 
were refluxed for 2.30 hours under anhydrous conditions. After 
the reaction potassium carbonate was filtered off, acetone 
was removed by distillation and crushed ice was added to the 
residue in the flask. A solid substance separated out which 
was left over-night in the refrigerator. It was filtered, 
washed with ice cold water and crystallized it from petroleum-
ether as colourless needles (1.2 gm). m.p. 90-92 . 
(ii) Methylation with diazomethane 
The above compound (I) 300 mg was methylated with an 
excess ethereal solution of diazomethane. The contents were 
left over-night at room temperature. Recovery of solvent 
left a solid mass which on crystallisation from petroleum-ether 
gave colourless needles m.p. 90-92°, identical with the 
methyl derivative prepared above by dimethyl sulphate method. 
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Preparation of 6-(2-hydroxy, 4-methoxyphenyl)-
2/3/ 4y 5 - tetrahydropyyidazine - 3-one (XXI) 
B(2-hydroxy, 4-methoxy benzoyl) propionic acid methyl ester 
(300 mg) was added to a solution of sodium acetate (300 mg) , 
methanol (21 cc) and hydrazinehydrate (6 ml) . The contents 
were refluxed for 2% hours on a boiling water bath. Methanol 
was then evaporated off and poured on ice cold water (30 ml). 
A yellow compound separated out which was filtered, washed 
with cold water and crystallized from methanol to give yellow 
needles (100 mg), m.p. 213-15°. 
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